Abstract α-β-Unsaturated carbonyl compounds on heating with1,3-cyclohexanedione in the presence of sulfated tin oxide catalyst offers corresponding 2,4-diphenyl-4,6,7,8-tetrahydro chromen-5-one in excellent yield. The catalyst can be recovered by simple filtration and recycled for several times in subsequent reactions without change in its efficiency.
Introduction
2,4-Diphenyl-4,6,7,8-tetrahydrochromen-5-one is an important class of organic compounds due to their wide range of biological activities. They possess antijuvenile hormone activity, 1 antianaphylactic activity in trachea, 2 antiallergic, 3, 4 anti-inflammatory, 5 anticancer activity 6 and are also helpful in diabetic complications. 7 Several methods have been reported for the synthesis of chromen-5-one. One of the conventional method is the condensation of α-β-unsaturated carbonyl compounds (chalcones) with 1,3-cyclohexanedione. The process is two steps in which the Michael addition of cyclic 1,3 diketone to chalcones followed by cyclization of resultant diketo intermediate, 8, 9 in acetic acid and phosphorus pentoxide at 120 0 C, 10 in methanol and triethylamine at reflux temperature, 11 in toluene and n-heptane using anhydrous ZnCl 2 , 12 in benzene n-heptane and anhydrous ZnCl 2 at reflux for 28-30 hours. 13 All the above-discussed methods have several limitations such as longer reaction time, strong acidic conditions and low yield. Consequently there was a scope for further work on this reaction under mild reaction conditions, simple work up, and better yield. It is achieved using sulfated tin oxide (SO 4 -2 /SnO 2 ) as solid super acid catalyst (STO).
Herein we wish to report an efficient and mild protocol for the synthesis of 2,4-diphenyl-4,6,7,8-tetrahydro chromen-5-one using sulfated tin oxide as solid super acid catalyst.
Results and Discussion
In a model reaction α,β-unsaturated carbonyl compounds (1), 1,3-cyclohexanedione (2) and sulfated tin oxide catalyst in dimethyl formamide (DMF) was stirred at 90 0 C for a suitable time.
After completion of the reaction, solid catalyst was separated by filtration and the usual work up offered the pure chromen-5-one (3). The separated solid catalyst was washed with ethyl acetate and dried at 110 0 C for 1 hour. The activated catalyst is recycled and reused for several times in subsequent reactions without change in its efficiency.
Scheme 1
Recently sulfated metal oxides have been used as a catalyst in several organic transformations 14 due to its high efficiency, non-pollutant and non-corrosive aspects, lower cost and greater stability. It has the strongest acidity on the surface. It can be easily recovered from the reaction mixture by simple filtration and re-used after activation. Thus the sulfated tin oxide (SO 4 -2 /SnO 2 ) is superior than other known acids. 15 Sulfated tin oxide has a higher surface area as compare to aluminosilicates or zeolites. Thus it is widely used in hydro cracking of paraffin's, dehydration of alcohol, esterification, alkylation's of olefins, photochemical catalysis and protection of aldehyde, ketones and alcohols 19 and olefin polymerization. 20 Synthesis of chromen-5-one derivatives using sulfated tin oxide super acid catalyst is rapid and ecofriendly (Table 1) . Most of the reactions were completed within 7-8 hours affording 90-95% yield of the product. By contrast, the reported methods required much longer reaction time and strong acidic conditions. The sulfated tin oxide-DMF system is found to be more suitable because of shorter reaction time and easy workup. But using other organic solvent systems it required longer reaction times (Table 2 ). In absence of catalyst, the reaction took a longer time (30-38 hrs.). The best result was obtained using 5 mol% of sulfated tin oxide in solvent dimethyl formamide at 90 0 C. Greater amounts of the catalyst did not improve the yield. Insolubility of catalyst sulfated tin oxide in different organic solvents provided an easy method for its separation from the product. The catalyst was separated by filtration and reused after activations with only a gradual decrease in its efficiency (for example the product (3a) was obtained in 94%, 90%, 88% yields over three runs (Table 3) . 
Experimental Section
Catalyst preparation. To a solution of 100 gm. stannous chloride (SnCl 4 nH 2 O) in 300 ml. water 25% ammonia solution was added drop wise with constant stirring till the pH of solution was adjusted to 8. The precipitated product was collected by filtration and poured onto cold solution of ammonium acetate (500 ml) (0.5 to 4%). The precipitated solid was filtered and dried at 100 0 C for 24 h. Tin oxide gel (2gm) obtained was taken in a glass suction funnel and concentrated sulphuric acid (30ml) was added slowly to it and the mixture was allowed to stand for 1 hour. The solid obtained was filtered and dried at 100 0 C for 2 h. Then the solid was heated in air at 500 0 C for 3 h and stored in a sealed sample bottle until use 15 .
Synthesis of 2,4-Diphenyl-4,6,7,8-tetrahydrochromen-5-one. To a mixture of 5,5-dimethylcyclohexane-1,3,dione (1mmol) (1a), 1,3-diphenyl-propenone (2a) (1mmol) in 10 ml. dimethyl formamide (DMF) solvent, 5 mol% of catalyst sulfated tin oxide was added. The mixture was stirred at 90 0 C for an appropriate time. Progress of reaction was monitored by TLC. After completion of reaction, the reaction mixture was cooled and filtered to remove insoluble catalyst. The filtrate was added slowly to ice-cold water with constant stirring. The obtained solid (3a) was purified by column chromatography using chloroform and ethyl acetate eluent in the ratio of 3:1. The separated solid super acid was washed with ethyl acetate, 5% NaHCO 3 and finally with cold water and dried at 110 0 C for 1 h for further reuse. The so-obtained products (3a-j) were identified by comparison with authentic samples, 1 HNMR and their melting points (Table 1) .
Conclusions
In summary we have been demonstrated an efficient and mild protocol for the synthesis of 4,6,7,8-tetrahydro chromen-5-one using sulfated tin oxide (STO) as solid super acid catalyst. The catalyst was used for several times without significance loss of its catalytic properties. The method offers several advantages such as higher yields, shorter reaction times, cleaner reaction profiles and simple experimental and work up procedure.
